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porosityAbstract The objective of this study is to evaluate the effect of various ﬁller types on the fresh and
hardened properties of self-compacting concrete (SCC) and Flow-able concrete. For this purpose,
two groups of ﬁllers were selected. The ﬁrst group was pozzolanic ﬁllers (silica fume and
metakaolin) while the second group was non-pozzolanic ﬁllers (limestone powder, granite dust
and marble dust). Cement contents of 400 kg/m3 and 500 kg/m3 were considered while the used ﬁller
material was 7.5%, 10% and 15%. Slump and slump ﬂow, T50, sieve stability and bleeding tests were
performed on fresh concrete. The studied hardened properties included unit weight, voids ratio,
porosity, and water absorption and cube compressive strength. In addition, thermo-gravimetric
analysis, X-ray diffraction analysis and scanning electronic microscope were performed. The test
results showed that ﬁller type and content have signiﬁcant effect on fresh concrete properties where
non-pozzolanic ﬁllers improve segregation and bleeding resistance. Generally, ﬁller type and content
have signiﬁcant effect on unit weight, water absorption and voids ratio. In addition, non-pozzolanic
ﬁllers have insigniﬁcant negative effect on concrete compressive strength. Finally, there was a
good correlation between fresh concrete properties and hardened concrete properties for SCC and
Flow-able concrete.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria
University.1. Introduction
Self-compaction is often described as the ability of the fresh
concrete to ﬂow under its own weight over a long distance
without segregation and without the need to use vibrators to
achieve proper compaction. This saves time, reduces overall
cost, improves working environment and opens the way for
the automation of the concrete construction [1–4].
296 H.E. Elyamany et al.Self compacting concrete (SCC) mixes always contain a
powerful superplasticizer and often use a large quantity of
powder materials and/or viscosity-modifying admixtures. The
superplasticizer is necessary for producing a highly ﬂuid
concrete mix, while the powder materials or viscosity agents
are required to maintain sufﬁcient stability/cohesion of the
mixture, hence reducing bleeding, segregation and settlement
[4]. Beneﬁts of using SCC also include: improving homogeneity
of concrete production and the excellent surface quality
without blowholes [5].
In Flow-able concrete, introduction of high volumes of
mineral admixtures to concrete mixtures is limited due to their
negative effects on water demand and strength of the hardened
concrete. However, these mineral admixtures can be efﬁciently
utilized as viscosity enhancers particularly in powder-type
SCC. Thus, successful utilization of lime powder (LP), basalt
powder (BP) and marble powder (MP) in SCC could turn these
materials into a precious resource. Moreover, these mineral
admixtures can signiﬁcantly improve the workability of self-
compacting [6,7]. When used in SCC, these mineral admixtures
can reduce the amount of superplasticizer necessary to achieve
a given property [8]. It should be noted that the effect of min-
eral admixtures on admixture requirements is signiﬁcantly
dependent on their particle size distribution as well as particle
shape and surface characteristics. From this viewpoint, a cost
effective SCC design can be obtained by incorporating reason-
able amounts of LP, BP and MP [9]. The addition of MP is the
best mineral admixture among LP, BP and MP, to improve the
properties of fresh SCC such as slump-ﬂow, T50 time, L-box
ratio, air content and unit weight. All the mineral admixtures
have shown signiﬁcant performance differences and the highest
compressive strength has been obtained for the MP mixtures.
Incorporation of mineral admixtures reduced the cost per unit
compressive strength of these SCC [9].
A lot of researches were performed to study the effects of
ﬁller materials on the properties of SCC. These studies showed
that the use of ﬁller materials improves workability with re-
duced cement content. By this way, low heat of hydration
and decreased thermal and shrinkage cracking can be achieved
[10,11]. Belaidi et al. stated that at a constant water/binder
ratio and superplasticizer content, the use of both natural
pozzolana and marble powder by substitution to cement has
no negative effects on the workability of SCC [12]. Industrial
by-products such as ﬂy ash (FA), stone dust, silica fume and
blast furnace slag are generally used as ﬁller materials in
SCC [6,13]. This helps to provide economical beneﬁts and
reduce environmental pollution [14].
Chloride ion permeability decreased considerably whenmin-
eral admixtures were used in the production of SCC. Pozzolanic
admixtures exhibited better performance than ﬁllers. The SCC
mixtures were assessed as ‘‘low’’ chloride permeability concretes
as per ASTMC 1202-94 assessment criteria, with less than 2000
coulombs of total charge passing, so the durability of SCC
enhances due to the decrease in permeability [7,15].
Ho et al. [3] demonstrated that the granite ﬁnes, as
supplied, could be used successfully in the production of
SCC. Compared to the use of limestone powder, both paste
and concrete studies conﬁrmed that the incorporation of gran-
ite ﬁnes required a higher dosage of superplasticizer for similar
yield stresses and other rheological properties. However, it is
important to point out that as a waste material, the properties
of granite ﬁnes are expected to vary over time. Furthermore,the ﬁneness of granite ﬁnes could promote durability prob-
lems, such as alkali–silica reactions.
The marble has been commonly used as a building material
since ancient times. Disposal of the waste materials of the mar-
ble industry, consisting of very ﬁne powders, is one of the envi-
ronmental problems worldwide today. However, these waste
materials can be successfully and economically utilized to im-
prove some properties of fresh and hardened self-compacting
concrete (SCC) [16].
Valeria Corinaldesi et al. [17] stated that due to its quite
high ﬁneness, marble powder proved to be very effective in
assuring very good cohesiveness of mortar and concrete. It is
used for other ultra-ﬁne mineral additions (such as silica fume)
that are able to confer high cohesiveness to the concrete mix-
ture. Moreover, an even more positive effect of marble powder
is evident at early ages, due to its ﬁller ability.
The use of ﬁllers is intended to enhance the particle distri-
bution of the powder skeleton, reducing inter-particle friction
and ensuring greater packing density. This can promote release
of a portion of the mixing water that would otherwise be en-
trapped in the system [18]. The water–binder ratio controls
the amount of free space in the system in terms of void volume
and the amount of ﬁne material required to ﬁll the voids. Void
ﬁlling in packed systems may improve the particle arrange-
ment, ensuring better water distribution and adequate ﬂuidity.
However, substantial increases in viscosity and unit weight oc-
cur at the concentration at which close packing is reached. The
increase in viscosity beyond this limit may be explained by an
increase in inter-particle friction due to increased solid–solid
contact. In summary, the ﬂow properties of self-compacting
concrete depend heavily on powder particle size, shape, surface
morphology, and internal porosity in addition to factors such
as mixing regimen, sequence of admixture addition, and water/
superplasticizer content [19,20].
In general, Dehwah reported that the mechanical properties
of SCC incorporating quarry dust powder (QDP) are better
than those of SCC incorporating silica fume (SF) plus QDP
or only ﬂy ash (FA). The use of quarry dust powder alone re-
sults in a signiﬁcant cost saving in regions where SF and FA
are not available locally and have to be imported from other
regions [21]. The use of mineral admixtures in various combi-
nations can provide excellent mechanical properties of SCC.
As pozzolanic materials FA and granulated blast furnace slag
(GBFS) increased the late age compressive strengths of SCC
mixtures [22].2. Experimental programs
The present work aims to study the effect of ﬁller types on
fresh and hardened properties of SCC and Flow-able concrete.
Fresh and hardened concrete properties such as slump, slump
ﬂow, sieve stability, bleeding, porosity, compressive strength
and scanning of microstructure for Flow-able concrete
(FAW) with slump of 220 ± 20 mm and self compacting con-
crete (SCC) were considered in this study.
2.1. Materials
Two groups of ﬁller were selected. The ﬁrst group was pozzo-
lanic ﬁllers); silica fume (SF), metakaolin (MK) while the sec-
ond one was non-pozzolanic ﬁllers; limestone powder (LP),
Table 1 Chemical compositions of cement and ﬁller materials.
Component % Cement SF MK LP GP MP
SiO2 21.92 95.32 79.02 3.30 92.4 1.12
Al2O3 3.30 0.88 5.96 0.82 1.25 0.73
Fe2O3 1.20 0.39 0.44 0.58 0.40 0.05
CaO2 63.0 0.90 12.3 92.9 1.00 83.22
SO3 2.1 1.03 0.40 1.18 3.80 0.56
Loss of ignition 1.2 1.40 1.20 1.20 1.10 2.50
Effect of ﬁller types on physical, mechanical and microstructure 297Granite dust (GD) and marble dust (MD). These ﬁve types of
ﬁllers passing from sieve No. of 200 (125 lm) were used. Port-
land cement classiﬁed as CEM I N 42.5 according to E.S.S
4756/2006 was considered in this study. The chemical compo-
sitions of these ﬁllers and cement are presented in Table 1. Also
the grading of LP, GR and MP is shown in Fig. 1. The Toxic-
ity test was also carried out to evaluate the toxicity of used ﬁll-
ers and cement. Table 2 shows the test results of toxicity test
for cement and other different ﬁllers. The results show the sati-
ation of testing mice after each day of exposure throughout the
testing period (6 days). From these test results, one mouse died
on the third day when they were exposed to cement fume
where one mouse was subjected to infer breathing (low rate
of breathing) in case of metakaolin fume. In addition, there
was no change observed in testing mice subjected to other
ﬁllers.
Natural siliceous sand with 2.66 ﬁneness modulus and pink
lime stone with nominal maximum size of 9.5 mm were used.0
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Figure 1 Grading of lime, grType G of high performance super plasticizer concrete admix-
ture based on poly- carboxylic material was used.
2.2. Mix proportions and test procedure
The used water/binder ratio (w/b) for Flow-able and self com-
pacting concrete was kept constant as 0.415, while the dose of
used superplasticizer was changed to obtain the desired slump
(220 ± 20 mm) for Flow-able concrete and constant slump
ﬂow (720 ± 30 mm) for self compacting concrete. For all the
used concrete mixtures, the coarse/ﬁne aggregate ratio was
1.0. Cement contents of 400 kg/m3 and 500 kg/m3 were consid-
ered in this study. For cement content of 400 kg/m3, the addi-
tional percentages of used ﬁller materials were 7.5%, 10% and
15% while for cement content 500 kg/m3, only 10% was con-
sidered. By using different types of ﬁllers, ﬁller percentages and
cement contents, twenty-six concrete mixes were cast and
Table 3 shows the mixture proportions of these mixes.
Slump ﬂow and T50 tests according to ACI 237R-07 were
performed on fresh concrete, also sieve stability test was done.
Sieve stability test measures the ability of SCC to remain uni-
form under both dynamic and static conditions. To perform
the test, 10 liters sample of concrete is placed in a sealed bucket
and left undistributed for 15 min to allow segregation to occur
and then, approximately 2 liters from the top of the concrete
sample is poured from a height of 500 mm onto a 5-mm sieve.
Mortar from the sample allowed to ﬂow through the sieve into
a lower pan for a period of 2 min. The ratio of the mass of
material in the pan to the total mass of concrete poured over0
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Table 3 Mixture proportions of concrete mixes.
Type of concrete Mix no. Filler type Mixture proportions (kg/m3) Flow time
T50 (s)
Diameter
of sump
ﬂow (mm)
Cement Filler
content
Water Coarse
aggregate
Fine
aggregate
Admixture
(Lit)
Self compacting concrete 1 Silica fume (SF) 400 30 178.5 836 836 14.3 2.5 740
2 400 40 182.6 825 825 14.4 2.5 750
3 400 60 190.9 804 804 14.6 2.3 740
4 500 50 228.3 725 725 14.7 2.2 750
5 Meta-kaolin (MK) 400 30 178.5 835 835 15.8 3.5 720
6 400 40 182.6 823 823 16.0 3.2 710
7 400 60 190.9 802 802 16.2 3.2 720
8 500 50 228.3 724 724 16.4 3.0 740
9 Lime powder (LP) 400 30 178.5 838 838 16.0 3.5 710
10 400 40 182.6 825 825 16.1 3.0 720
11 400 60 190.9 805 805 16.3 2.8 720
12 500 50 228.3 723 723 16.3 2.5 750
13 Granite dust (GD) 400 30 178.5 835 835 15.9 3.0 720
14 400 40 182.6 825 825 16.0 3.0 730
15 400 60 190.9 805 805 16.1 2.5 750
16 500 50 228.3 723 723 16.2 2.5 750
17 Marble dust (MD) 400 30 178.5 835 835 15.9 3.5 720
18 400 40 182.6 825 825 16.0 3.0 740
19 400 60 190.9 805 805 16.1 2.7 750
20 500 50 228.3 724 724 16.2 2.4 750
Flow-able concrete Slump (mm)
21 – 400 – 166.0 870 870 4.0 200
22 SF 400 40 182.6 830 830 4.0 215
23 MK 400 40 182.6 830 830 4.1 200
24 LP 400 40 182.6 832 832 4.1 205
25 GP 400 40 182.6 832 832 4.1 210
26 MP 400 40 182.6 832 832 4.1 200
Table 2 Toxicity test results.
Type of ﬁller Exposure time/survivals
First day Second day Third day Fourth day
Silica fume 6 6 6 6
Metakaolin 6 6 6 6a
Lime stone powder 6 6 6 6
Marble dust 6 6 6 6
Granite dust 6 6 6 6
Cement 6 6 5b 5b
a Inferred breathing for metakaolin on 4th day.
b 1 mouse died on the 3rd day in case of Portland cement.
298 H.E. Elyamany et al.the sieve is taken as the segregation ratio [23]. Bleeding test
according to ASTM C 232 was performed.
The hardened properties included unit weight, voids ratio,
water absorption and cube compressive strength. Unit weight,
voids ratio and water absorption were determined according to
ASTM C 642, while concrete compressive strength was deter-
mined according to BS 1881: Part 3. 150 mm cubes were used.
Each results represented in this section is the average of three
tested specimens.
In addition, thermo-gravimetric analysis (TGA), X-ray dif-
fraction (XRD) and scanning electronic microscope (SEM)
were performed.3. Test results and discussion
3.1. Fresh concrete
3.1.1. Slump, slump ﬂow and T 50 cm
Results of fresh concrete properties of all self compacting and
Flow-able concrete mixes are illustrated in Table 3. Slump ﬂow
and T 50 cm were used to measure the workability perfor-
mance of SCC while slump test was considered for Flow-able
concrete. Comparing the obtained results of slump ﬂow and T
50 cm with the SCC criteria, it can be concluded that all mixes
(a) 7.5 % Filler content (400 kg/m3 cement content)
(c) 15.0 % Filler content (400 kg/m3 cement content)
3
 cement content) (b) 10.0 % Filler content (400 kg/m
3
 cement content) (d) 10.0 % Filler content (500 kg/m
Figure 2 Sieve stability test results of SCC.
Figure 3 Sieve stability test results of Flow-able concrete.
Effect of ﬁller types on physical, mechanical and microstructure 299satisfy the requirement of SCC limits. For Flow-able concrete,
no speciﬁc slump was required but it depends on the casting
method. 200 mm slump was chosen as a recommended slump
for casting using pump.(a) 400 kg/m3 cement content
Figure 4 Effect of ﬁller content and3.1.2. Sieve stability test results
Sieve satiability test is conducted to evaluate the resistance of
fresh concrete to segregation. The effect of ﬁller type and
content on fresh concrete segregation resistance of SCC is
presented in Fig. 2. From this ﬁgure, for concrete with
400 kg/m3 cement content, it is clear that ﬁller type has a
signiﬁcant effect on the segregation resistance of SCC at differ-
ent contents of ﬁller. From these results, the non-pozzolanic
ﬁllers have a segregation resistance higher than that of pozzo-
lanic ﬁllers. The test results conﬁrm that the use of granite dust
and marble dust improves the segregation resistance of SCC
compared with other types of ﬁllers. The very ﬁne silica fume
SCC yields less segregation resistance compared other types of
ﬁllers. For example, at 10.0% ﬁller content, the segregated
portion is 14.0%, 9.6%, 9.6%, 4.4% and 3.8% for SCC with
silica fume, metakaolin, lime powder, granite dust and marble
dust, respectively. This trend is generally the same at different
ﬁller content. The previous behavior is the same for concrete
with 500 kg/m3 cement content.3
 cement content (b) 500 kg/m
type on bleeding percent of SCC.
Figure 5 Effect of ﬁller type on bleeding percent of Flow-able
concrete.
Figure 7 Effect of ﬁller type on concrete absorption of
Flow-able concrete on.
300 H.E. Elyamany et al.For Flow-able concrete, the effect of using ﬁller on segrega-
tion resistance is presented in Fig. 3. From this ﬁgure, it is obi-
vious that the use of ﬁller enhances the segregation resistance
of fresh Flow-able concrete. The non-pozzolanic ﬁllers still
yield higher segregation resistance compared with pozzolanic
ﬁllers. The use of granite dust and marble dust has still good
resistance to concrete segregation compared with other types
of ﬁllers. The use of silica fume, metakaolin, lime stone pow-
der, granite dust and marble dust decreases the segregation
resistance by 4.3%, 25.6%, 23.1%, 33.3% and 40.2% com-
pared with control mix, respectively.
3.1.3. Bleeding test results
Fig. 4 shows the effect of ﬁller type and content on the
bleeding resistance of SCC with 400 kg/m3 cement content.
From this ﬁgure, the ﬁller type has a signiﬁcant effect on the(a) 400 kg/m3 cement content
Figure 6 Effect of ﬁller content and t
Table 4 Bulk density of SCC and Flow-able concrete test results.
Type of concrete Cement content (kg/m3) Filler content
SCC 400 7.50
10.0
15.0
500 10.0
Flow-able 400 0.0
10.0bleeding resistance of SCC where the use of non-pozzolanic
ﬁllers specially granite dust and marble dust showed good
bleeding resistance compared with other types of ﬁller. Also,
the increase in ﬁller content decreases the bleeding resistance
of SCC. The signiﬁcant effect of ﬁller type is more clear at high
level of ﬁller content, 15.0%, whereas there is no oblivious ef-
fect of ﬁller type on bleeding resistance at lower ﬁller content,
7.5%. The pervious trend is the same for SCC with 500 kg/m3
as shown in Fig. 5.
The effect of 10.0% ﬁller on the bleeding resistance of
Flow-able concrete is presented in Fig. 5. From this ﬁgure,
the use of 10.0% ﬁller enhances the bleeding resistance of
Flow-able concrete compared with concrete without ﬁller. This
behavior may be due to the cohesion of concrete with ﬁllers.
Also, granite dust and marble dust (non-pozzolanic ﬁllers) still
show the good bleeding resistance compared with types of3
 cement content (b) 500 kg/m
ype on absorption percent of SCC.
(%) Type of ﬁller
SF MK LP GD MD
Unit weight (gm/cm3)
2.29 2.28 2.29 2.29 2.29
2.29 2.29 2.29 2.30 2.29
2.34 2.30 2.33 2.34 2.31
2.32 2.33 2.31 2.32 2.31
2.28
2.29 2.29 2.29 2.29 2.28
Table 5 Voids ratio of SCC and Flow-able concrete test results.
Type of concrete Cement content (kg/m3) Filler content (%) Type of ﬁller
SF MK LP GD MD
Voids ratio (%)
SCC 400 7.50 4.00 4.47 4.36 3.54 3.68
10.0 3.56 3.70 3.98 3.25 3.35
15.0 3.22 3.67 3.68 3.14 2.88
500 10.0 3.47 3.62 3.75 3.14 3.08
Flow-able 400 0.0 14.52
10.0 8.04 9.30 9.85 8.10 7.79
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56.1%, 66.7% and 65.2% for concrete with silica fume,
metakaolin, lime stone powder, granite dust and marble dust
compared with control mix, respectively.
3.2. Hardened concrete
3.2.1. Unit weight
Table 4 presents the values of measured dry unit weight of
hardened SCC and Flow-able concrete at 56 days. For SCC,
the test results showed that the type of ﬁller has insigniﬁcant
effect on hardened unit weight. On the contrary, the ﬁller con-(a) Concrete compressive strength at 7 days
(b) Concrete compressive strength at 28 days 
 
(c) Concrete compressive strength at 56 days 
Figure 8 Concrete compressive strength for SCC with 400 kg/m3
cement content.tent has a noticeable effect on dry unit weight of SCC where
the increase in ﬁller content increases the dry unit weight of
hardened SCC. This may be due to the voids – ﬁlling by the
ﬁne used ﬁllers. For example, for silica fume SCC, the reduc-
tion in hardened unit weight for concrete with 7.5% silica fume
is 2.2% lower than SCC with 15.0% silica fume. Also, the in-
crease in cement content increases the unit weight of hardened
SCC. For Flow-able concrete, the hardened unit weight of
Flow-able concrete is ﬁller independent.
3.2.2. Water absorption and voids ratio test results
Fig. 6 shows the effect of ﬁller type and content on the water
absorption of hardened SCC after 56 days. The test results
showed that the ﬁller type has a signiﬁcant effect on hardened
SCC water absorption. The used non-pozzolanic ﬁllers (GD
and MD) except lime powder yield lower water absorption
and voids ratio compared with pozzolanic ﬁllers (SF and
MK). This trend is the same for concrete with 400 kg/m3 and
500 kg/m3 cement. For SCC with 500 kg/m3, the water absorp-
tion of 10% MK and LP is higher than that of 10% SF by
6.7% and 14.7, respectively, while the use of 10% GD and
MD decreases the water absorption by 10% compared with
SCC with 10% silica fume. Moreover, the ﬁller content has aFigure 10 Concrete compressive strength for Flow-able concrete
with 400 kg/m3 cement content.
Figure 9 Concrete compressive strength for SCC with 500 kg/m3
cement content and 10% ﬁller content.
302 H.E. Elyamany et al.signiﬁcant effect on water absorption. For example, for silica
fume SCC with 400 kg/m3 cement content, the reduction in
water absorption, for SCC with 10.0% and 15.0% silica fume
is about 10.8% and 21.6% compared with SCC with 7.5% sil-
ica fume, respectively.
For Flow-able concrete as shown in Fig. 7, the use of 10.0%
ﬁller reduces signiﬁcantly the water absorption of Flow-able
hardened concrete. The use of GD and MD still has the lowest
values of water absorption for Flow-able concrete.
Test results of voids ratio of SCC and Flow-able concrete
conﬁrm the test results of water absorption as given in Table 5.
3.2.3. Cube compressive strength
Fig. 8 shows the variation in concrete compressive strength of
SCC at the different ages of curing for different types of ﬁllers(a) Self compacting concrete
Figure 11 Correlation between concrete ble
(a) Self compacting concrete
Figure 12 Correlation between concrete unit
(a) Self compacting concrete
Figure 13 Correlation between concrete voidfor concrete mixes with 400 kg/m3 cement content. From this
ﬁgure, generally one can obliviously observe that there is no
signiﬁcant variation between compressive strength of pozzola-
nic ﬁllers and that of non-pozzolanic ﬁllers. This trend is the
same at 7 days, 28 days and 56 days. The SCC containing
500 kg/m3 cement content shows the same pervious observa-
tion as presented in Fig. 9. The good performance of used
non-pozzolanic ﬁller is due to the micro-ﬁlling ability, improv-
ing the microstructure of the bulk paste matrix and transition
zone. The calcium carbonate in LP reacts very little with
cement hydrates to substitute the pozzolanic activity [20].
Further, it is clear that the increase in ﬁller content from
7.5% to 15.0% has not any signiﬁcant effect on concrete
compressive strength for all types of ﬁllers except silica fume.
There is a noticeable increase in concrete compressive strength(b) Flow-able concrete 
eding and concrete compressive strength.
(b) Flow-able concrete 
weight and concrete compressive strength.
 (b) Flow-able concrete 
s ratio and concrete compressive strength.
(e)
Figure 14 XRD test results of cement pastes modiﬁed with different ﬁllers.
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304 H.E. Elyamany et al.as silica fume content increase. This may be due to the high
pozzolanic effect of silica fume mineral admixture. Also,
Fig. 10 shows the concrete compressive of ﬂow-concrete at
the different ages of curing for different types of ﬁllers for con-
crete mixes with 400 kg/m3 cement content.
3.2.4. Correlations between bleeding, unit weight and voids ratio
versus compressive strength
Fig. 11 shows the correlation between concrete bleeding and
28 days concrete compressive strength for SCC and traditional
concrete. From this ﬁgure, it is clear that there is a negative
correlation between bleeding and concrete compressive
strength whereas the increase in concrete bleeding decreases
the concrete compressive strength. The increase in bleeding(a) Silica fume cement paste
(c) Limestone cement paste
(e) Marble dust
Figure 15 TG, DTA test results of cemenallows moving water upward to the concrete top layer. This
is due to the increase in w/c ratio at the top layer which de-
creases the concrete compressive strength. This conclusion
conﬁrms the clear correlation of fresh concrete properties,
bleeding, and hardened concrete properties, compressive
strength. This behavior is the same for SCC and traditional
concrete.
Fig. 12 presents the correlation between hardened concrete
unit weight and 28 days concrete compressive strength. From
this ﬁgure, there is a clear positive correlation between hard-
ened concrete unit weight and concrete compressive strength
where the increase in unit weight increases the concrete com-
pressive strength. The positive effect of high concrete unit
weight may be due to lower voids ratio which increases the cement paste 
(b) Metakaolin cement paste
(d) Granite cement paste 
t pastes modiﬁed with different ﬁllers.
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Fig. 13. From this ﬁgure, the decrease in voids ratio increases
the concrete compressive strength. This trend is the same for
SCC and traditional concrete.
3.3. X-ray diffraction analysis
Although X-ray qualitative diffractometry does not provide
any reliable quantitative information, it is considered as a sen-
sitive technique which gives acceptable information about the
most probable phases. Fig. 14 shows the X-ray diffraction pat-
terns of cement pastes specimens with 10% ﬁllers as cement
addition. From these patterns, there is no obvious change in
the tested samples where type of ﬁller, generally, has insigniﬁ-
cant effect. The only clear effect is the low calcium hydroxide
and ettringite in silica fume and metakaolin cement pastes,
pozzolanic ﬁllers, compared with non-pozzolanic ﬁllers. This
behavior is due to the pozzolanic effect of silica fume and
metakaolin mineral admixtures. The pozzolanic effect con-
sumes a part of calcium hydroxide.
3.4. TGA, DTA analysis
Thermo-gravimetric analysis uses heat to force reactions and
physical changes in materials. TGA reveals changes due to
weight, whereas DTA reveals the changes due to phase
transitions. TGA provides quantitative measurement of mass
change in materials associated with transition and thermal(a) Silica fume cement paste
(c) Limestone cement paste
(e) Marble dust c
Figure 16 SEM analysis results of cemendegradation. TGA records change in mass from dehydration,
decomposition and oxidation of a sample with time and tem-
perature. It was reported that zone one between 100 and
300 C is attributed to the dehydration of C–S–H and ettring-
ite and zone two includes from 290 to 350 C characterize the
decomposition of calcium aluminates silicate hydrate, calcium
aluminates hydrate and calcium chloro-aluminate. The third
zone ranging from 450 to 510 C is attributed to the dehydra-
tion of calcium hydroxide. An endo-therm around 700 C indi-
cates the de-carbonation of calcium carbonate in the hydrated
compound [24].
Fig. 15 shows the relation between the weight of specimen
and the applied temperature. From these test results, there is
no clear difference is observed in zone one and two. In the
third zone, ranging from 450 to 510 C which attributed to
the dehydration of calcium hydroxide, weight loss drop easily
observed within the third zone in the cement paste containing
limestone, granite or marble. On the other hand, for the sam-
ples containing silica fume or metakaolin, almost the weight
loss is hardly observed within zone between 450 and 510 C
which also conﬁrms the earlier recorded pozzolanic reactivity
of silica fume and metakaolin. It means that calcium hydroxide
was consumed by pozzolanic reaction. Thus, calcium hydrox-
ide content is lower in case of silica fume and metakaolin,
while other samples results may give a hint about its non-reac-
tivity. This observation conﬁrms the test results of X-ray
diffraction.
Moreover, at temperature around 700 C, the specimens
containing limestone and marble dust indicate greatlyement paste 
(b) Metakaolin cement paste 
(d) Granite cement paste 
t pastes modiﬁed with different ﬁllers.
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DTA than other samples. It meets with logic whereas this spec-
imen containing the higher content of calcium carbonate.
3.5. SEM analysis
Fig. 16 shows the microstructure of the investigated pastes.
The sample containing silica fume shows a reﬁned pore struc-
ture. The inﬁnitesimal volume of silica fume particles reduces
the porosity of the paste as a result of ﬁller effect. The sample
containing metakaolin or granite shows a well deﬁned ettring-
ite ﬁbers which match with the aforementioned result of X-ray
diffraction analysis. Moreover, the comparison between these
images shows that the ettringite needled are clearly observed
in limestone, granite and marble cement pastes whereas traces
of ettringite are observed in silica fume and metakaolin cement
pastes. The micrograph showed a good agreement with XRD,
TGA and mechanical test results previously shown.
4. Conclusions
Based on the ﬁndings of the current study, the following con-
clusions may be drawn:
 Filler type has a signiﬁcant effect on segregation
resistance and bleeding resistance of SCC and Flow-able
concrete. The use of non-pozzolonic ﬁllers (granite dust
and marble dust) decreases the segregation and bleeding
compared with pozzolanic ﬁllers (silica fume and
metakaolin).
 The increase in ﬁller content improves bleeding
resistance of SCC. The signiﬁcant effect of ﬁller type
on bleeding resistance is obvious at high level of ﬁller
content, 15.0%, whereas there is no obvious effect of
ﬁller type on bleeding resistance at lower ﬁller content.
 Filler type and content have signiﬁcant effect on
hardened SCC water absorption. For example, for silica
fume SCC with 400 kg/m3 cement content, the reduction
in water absorption, for SCC with 10.0% and 15.0%
silica fume is about 10.8% and 21.6% compared with
SCC with 7.5% silica fume, respectively.
 For Flow-able concrete, the use of 10.0% ﬁller reduces
signiﬁcantly the water absorption of Flow-able hardened
concrete. In addition, ﬁller type has insigniﬁcant effect
on water absorption.
 There is no negative effect of non-pozzolanic ﬁllers on
concrete compressive strength compared to that of
pozzolanic ﬁllers.
 There is a negative correlation between bleeding and
concrete compressive strength whereas the increase in
concrete bleeding decreases the concrete compressive
strength.
 X- ray diffraction patterns showed that there is no
obvious change in the tested samples where type of ﬁller,
generally, has insigniﬁcant effect. The only clear effect is
the low calcium hydroxide and ettringite in silica fume
and metakaolin cement pastes, pozzolanic ﬁllers
compared with non-pozzolanic ﬁllers.
 Micrograph scanning and TGA showed a good
agreement with XRD and mechanical test results.References
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